Introduction: The objective of this study was to compare health-related quality of life (HRQoL) with degarelix
INTRODuCTION
Prostate cancer and its treatments often have a substantial impact on a patient's health-related quality of life (HRQoL). Multiple HRQoL components may be affected, including sexual dysfunction, lower urinary-tract dysfunction, bowel changes, bone pain, fatigue, sarcopenia, and anemia [1, 2] .
Maintenance or improvement of HRQoL is increasingly recognized as a key goal of therapy in prostate cancer and is an important issue when considering the various hormonal treatment options. In fact, the primary treatment goal for patients with advanced or metastatic prostate cancer is often to sustain HRQoL [3] . Since therapies with different mechanisms of action may have different and specific effects on HRQoL, relative benefits may contribute to better compliance and thereby overall efficacy of the treatment [4] .
Clinical trials assessing HRQoL in patients with localized or advanced prostate cancer have shown inconsistent results. Generally, active treatment options tend to negatively affect patients' HRQoL [5, 6] . Conflicting results are evident from trials of complete androgen blockades with flutamide in surgically castrated men with prostate cancer. Specifically, emotional functioning worsened as early as 3 months post treatment while overall HRQoL improved (as assessed by the Short Form-36 and the UCLA Prostate Cancer Index) during the first 12 months of treatment [6, 7] . Similarly, a clinical trial comparing various androgen-deprivation therapy (ADT) regimens (i.e., leuprolide, goserelin, or cyproterone) with close monitoring of agecomparable healthy volunteers found, among ADT patients, significant improvements in physical/urinary function but clinically significant deterioration in sexual, social/role, and subjective cognitive functions [8] .
The gonadotropin-releasing hormone (GnRH) blocker (or antagonist), degarelix, directly blocks GnRH receptors. It produces a rapid reduction in serum testosterone levels without inducing the clinical "flare" and the associated potential for detrimental effects observed with GnRH agonists [9] . Moreover, the faster onset of effect with GnRH antagonists may offer increased efficacy, enhanced apoptotic effect, faster tumor volume reduction, and quicker relief from cancer symptoms [10, 11] . Thus, differences between these 2 agents may be anticipated in the context of quality of life measures. Given the importance of HRQoL to patients and its role in treatment decisions, HRQoL data from the degarelix and leuprolide Phase III randomized trial among males with advanced prostate cancer [12] were analyzed. For simplification, and given the similar results for both degarelix doses, this paper focuses only on the degarelix 240/80 mg (marketed dose) and leuprolide treatment groups.
METhODS

Patients and Treatment
This study analyzed HRQoL parameters in a 12-month randomized, active-controlled, open-label, parallel-group Phase III trial among patients with advanced prostate cancer (NCT00295750) [12] . The intent-to-treat population consisted of 610 men (degarelix 240/160 mg, n = 202; degarelix 240/80 mg, n = 207; Leupron Depot [leuprolide] 7.5 mg, n = 201) aged >18 years with histologically confirmed adenocarcinoma of the prostate. Patients were included in the study if they had biochemical failure and hormone-sensitive disease, serum testosterone levels of >1.5 ng/mL, Eastern Cooperative Oncology Group scores of <2, and PSA levels of >2 ng/mL. Patients were excluded if they were candidates for curative therapy. The primary endpoint of the trial was suppression of testosterone to <0.5 ng/mL between 28 days and 12 months, and a secondary endpoint was HRQoL [12, 15] . The trial was conducted in Europe and North America among patients with all prostate cancer stages and Gleason grades of cancer.
Patients were randomized to 1 of 3 treatment groups. Patients in the degarelix treatment groups received a starting dose of 240 mg at a concentration of 40 mg/mL, followed by 12 additional single doses of either 80 mg at a concentration of 20 mg/mL or 160 mg at a concentration of 40 mg/mL every 28 days. Patients in the leuprolide group received a 7.5 mg depot every 28 days. In the leuprolide group, bicalutamide 50 mg daily could be given at the start of treatment for flare protection at the discretion of the investigator.
Assessment of HRQoL
HRQoL data were collected at baseline and on days 1, 28, 84, 168 (6 months), and 12 months. Two self-administered HRQoL instruments were used: version 2 of the Short Form-12 The SF-12 is a brief (12 item), reliable, validated measure of health status, covering 8 domains relating either to physical or mental HRQoL, with a score range from 0 to 100 [13] [14] [15] . SF-12 scale scores were standardized for a US population and norm-based for a mean score of 50 and a standard deviation of 10 [13] . For all scales, higher scores denote better functioning. Results are presented by each of the 8 domains and summarized into 2 scores: a physical component summary (PCS) and mental component summary (MCS). The PCS includes the physical functioning, role physical, bodily pain, and general health domains. The MCS consists of the vitality, social functioning, role emotional, and mental health domains. Cross-validation of the SF-12 in 9 European countries (Denmark, France, Germany, Italy, Norway, the Netherlands, Spain, Sweden, and the United Kingdom) has shown a high degree of correspondence on summary scores, allowing for valid large-group comparisons of overall physical and mental health outcomes within this multinational study [14] .
The EORTC QLQ-C30 has also been validated in 81 languages and has been commonly used in prostate cancer trials [16] . The instrument measures global health status and a variety of functional domains, including physical, role emotional, cognitive, and social functioning, as well as various symptoms, including fatigue, nausea and vomiting, pain, dyspnea, insomnia, appetite loss, constipation, diarrhea, and financial difficulties. All scale scores range from 0 to 100. High scores on the global health status and functioning scales indicate better quality of life, while high scores on the symptom scales suggest worsening conditions, and thus poorer quality of life.
Statistical Analysis
To compare the 2 treatment arms, degarelix 240/80 mg and leuprolide, the following analyses were conducted: (1) trend (over time); (2) change score (baseline versus end of study); and (3) responder (percentage of patients classified as "better," "same," or "worse" from baseline to end of study). Fewer than 20% of patients at each visit had missing HRQoL data. In cases of missing data, calculations were conducted using the lastobservation-carried-forward (LOCF) method.
Trend analyses were done by analysis of covariance that controlled for baseline HRQoL scores across all assessment time points. These were done overall and by baseline-assessed cancer stage (localized, locally advanced, and metastatic). To assess treatment group mean differences, T-tests were applied: at day 28, 6 months, and 12 months for trend analyses, and from baseline to 12 months for change scores. For responder analyses, the criteria for improvement ("better") or decline ("worse") was based on minimal important differences (MID), calculated using the 0.5 standard deviation (SD) approach, a threshold well-accepted in clinical studies [17] . The 0.5 SD approach is standardized at a 5-point change for PCS and MCS. A 0.5 SD threshold for MID was also applied to the baseline score distribution of SF-12 and EORTC QLQ-C30 domains. Chi-square statistics were used to compare the proportion of patients within each treatment group scoring "better" on any given HRQoL scale.
All analyses utilized a p-value of p <0.05 for statistical significance. For change-score analyses, effect sizes (ES) were computed to access the magnitude of treatment benefit within and between groups. The ES were compared using Cohen's suggested criteria: ES of 0.2 or 0.3 suggest a small effect; 0.5, a medium effect; and 0.8 and greater, a large effect [18] . Due to the exploratory nature of the analysis, a multiple-comparisons correction was not applied to the data.
RESulTS
HRQoL data at the baseline were analyzed for 401 subjects (degarelix 240/80 mg: n = 205; leuprolide 7.5 mg: n = 196). Most patients were white (84%) and the mean patient age was 72 years. No significant differences were observed between treatment groups for baseline demographic and clinical characteristics (Table 1 ).
Significant differences between treatment groups at baseline were observed for the following sub-scores on the EORTC QLQ-C30: the role functioning, emotional functioning, social functioning domains, and insomnia and diarrhea. Baseline SF-12 and EORTC QLQ-C30 scores are shown in Table 2 .
Trend Analyses
Trend analyses over the 12 months showed a minor though statistically significant worsening in function and symptoms in both treatment groups for all HRQoL scales (all p <0.05) except for the following, which showed no change: bodily pain and general health on the SF-12, and diarrhea on the EORTC QLQ-C30. In no case was the change in HRQoL scale UI J score considered to be of clinical significance. The change in symptom scale of nausea/vomiting on the EORTC QLQ-C30 neared statistical significance (p = 0.056), trending toward increases in this symptom. At 12 months, a significant difference was observed between degarelix and leuprolide on MCS (p = 0.027) and its component, mental health (p = 0.046), showing less decline in function for patients who received degarelix. No other significant differences between treatment arms at 12 months were found and none were observed at 28 days on either the SF-12 or EORTC QLQ-C30. Table 3 shows trend analysis results for each treatment group at day 28, 6 months, and 12 months.
Change Scores
No significant treatment group differences were observed on change scores from the SF-12 or EORTC QLQ-C30 scales, except for insomnia (EORTC QLQ-C30) where patients who received leuprolide showed less of an increase in this symptom (ES = 0.26, p = 0.04, leuprolide: mean change = 5.19, SD = 30.02; degarelix: mean change = 7.29, SD = 26.76) from baseline. No other treatment group change score differences produced an ES of "small" or greater.
Responder Analyses
For responder analyses, compared with degarelix (16.4%), a significantly greater proportion of patients receiving leuprolide (30.1%) improved on bodily pain (SF-12, p = 0.006; Chi-square = 10.28). No other treatment-group responder percent differences were significant. The percentage of patients with a "better" domain score with degarelix 240/80 mg or leuprolide at the end of the study versus baseline is shown for all domains in Table 4 .
Trend Analyses by Cancer Stage
At day 28, patients with localized cancer showed significant worsening in general health (SF-12; p = 0.026), role emotional (SF-12; p = 0.003), and fatigue (EORTC QLQ-C30; p = 0.037) with degarelix compared with leuprolide. In contrast, locally advanced patients receiving degarelix scored better on MCS (SF-12; p = 0.048) and vitality (SF-12; p = 0.042) at 28 days. No other differences were observed between treatment groups by cancer stage at 28 days or 6 months.
At 12 months, no significant differences were observed between treatment groups among patients with localized or locally advanced disease. Among patients with metastatic disease at 12 months, improvements were noted for role emotional (SF-12; p = 0.028), global health status (EORTC QLQ-C30; p = 
DISCuSSION
Due to poor prognoses and disease outcomes associated with advanced prostate cancer, treatment decisions may be in part based on a therapy's impact on patient HRQoL. The HRQoL differences between ADT options may affect treatment decisions not only for patients with metastatic disease receiving ADT as palliative therapy but also for patients with less-advanced disease. Hormonal therapy is increasingly used in men with earlier disease (i.e., non-metastatic) or recurrent disease after definitive treatment. Many patients for whom long-term ADT is indicated are still young and physically and sexually active, and so HRQoL is an issue of paramount importance when considering the various hormonal treatment options in these patients. The current study suggests that, after 12 months of treatment, the HRQoL of patients with advanced prostate cancer treated with degarelix, a GnRH antagonist, is comparable with that for patients treated with leuprolide. Although trend analyses over 12 months showed a worsening in function and symptoms in both treatment groups, no clinically significant changes in HRQoL were observed. However, some specific HRQoL issues may favor the selection of 1 or other of these agents, and so consideration of these aspects should inform final treatment decisions.
Degarelix has been shown to be as effective as leuprolide in suppressing testosterone from day 28 to day 364 [12] . Current study results suggest that degarelix and leuprolide may also have a similar impact on physical aspects of HRQoL. However, the deterioration in mental aspects of quality of life may be less with degarelix. While declines in most function areas were observed for all patients across the 12-month trial, patients treated with degarelix 240/80 mg showed less deficit in mental quality of life (MCS and mental health on the SF-12) than those treated with leuprolide at 12 months. One possible explanation for this difference could be different modes of action of the agonist and the antagonist at the pituitary/hypothalamic level. Thus, GnRH agonists produce an initial stimulation of GnRH receptors, which result in increased luteinizing hormone, follicle-stimulating hormone, and testosterone secretion. The sustained pituitary overstimulation gradually down-regulates/ desensitizes GnRH receptors, producing a decrease in hormone levels [19] . Conversely, GnRH antagonists block GnRH receptors, Insomnia  22  2  19  2  25  2  21  2  26  2  23  2   Appetite loss  7  1  9  1  7  1  7  1  9  2  12  2   Constipation  14  1  13  1  14  1  13  2  17  2 which results in a rapid testosterone suppression without an initial luteinizing hormone and testosterone surge.
While physical and global HRQoL scores (e.g., PCS, general health, global-health status) were comparable between the treatment groups at 12 months, the end-of-study change score and responder analyses suggest that patients receiving degarelix may have experienced more bodily pain and insomnia than their leuprolide counterparts. However, the mean increase in insomnia seen in the degarelix group during the study may be explained in part by the significantly lower levels of insomnia reported at the baseline among this group.
The impact of therapy on HRQoL is especially important among patients with metastatic prostate cancer for whom treatment is primarily palliative [4, 7] . When patients were analyzed by cancer stage subgroups, a positive impact of degarelix was observed among patients with metastatic disease at 12 months. Specifically, patients who received degarelix scored better than those who received leuprolide on global health status (EORTC QLQ-C30), role emotional (SF-12), and appetite loss (EORTC QLQ-C30). While degarelix may have an overall positive impact on patient mental HRQoL compared with leuprolide at 12 months, cancer stage results suggest that this impact may be broader, incorporating global HRQoL improvement among patients with metastatic disease.
During this pivotal Phase III trial, degarelix was shown to induce a rapid reduction in testosterone to castrate levels, observed within 3 days in the majority of patients [12] . However, in the leuprolide arm, castrate levels were not observed until 28 days after starting treatment, and for some patients only after they had experienced a testosterone surge. However, it is difficult to predict the HRQoL effect of a fast onset of action. While some patients will suffer from the unpleasant consequences of a rapid fall in testosterone, others will benefit from a rapid reduction in metastatic pain and the knowledge that the cancer is being treated following an initiation of therapy with no delay. Indeed, the HRQoL data show a rather unclear and complicated picture. No overall treatment group differences or differences by cancer stage were observed at day 28. However, at day 28, patients with localized cancer, receiving degarelix, showed significant worsening compared with leuprolide in several domains of the SF-12 and in fatigue in the EORTC QLQ-C30, possibly due to the sudden change in testosterone. But patients with locally advanced disease, who were receiving degarelix, showed improvement on MCS and vitality.
As potential limitations to the interpretation of the findings, some methodological considerations should be pointed out. The LOCF method was used to compensate for missing data due to patient discontinuation, unrecorded patient visits, and incomplete HRQoL assessments at study visits. Although sensitivity analyses were conducted with observed data and these yielded similar results as those conducted among the LOCF dataset, missing patient-visit data may have affected study findings. Further, pooled study results represented a multi-national patient population, limited in sample size for regional analysis. The rather unclear and complicated picture shown by the HRQoL data may be related to the lack of a more sensitive, disease-specific HRQoL instrument. Although the HRQoL instruments used in this study are highly validated, some variability in HRQoL outcomes was observed. This may, in part, be a consequence of the subjective nature of these areas of measurement. In addition, the study protocol allowed bicalutamide to be administered at the physician's discretion at the start of treatment to protect against clinical flare in leuprolide patients. Since the addition of bicalutamideto-patient treatment regimens was neither regulated nor randomized, the clinical impact of its use and the potential confounding effect on the HRQoL comparison of degarelix and leuprolide was not assessed.
CONCluSION
Degarelix, a GnRH antagonist, has been shown to induce a rapid and profound testosterone response in patients with advanced prostate cancer. This study was the first to present the treatment impact of degarelix, compared with leuprolide, on prostate cancer HRQoL, contributing to the body of literature informing physicians and patients confronted with prostatecancer treatment choices. This study suggests that the impact on HRQoL of degarelix and leuprolide was largely comparable. However, differences were observed in MCS and mental health, both favoring degarelix at 12 months, and in insomnia (change score) and bodily pain (responder analysis) favoring leuprolide. Apparent benefits in HRQoL (role emotional domain, global health status, and appetite loss at 12 months) were also observed with degarelix treatment versus leuprolide in the metastatic population. The rapid onset of testosterone suppression achieved with degarelix may be important for prostate cancer management and may be of particular benefit in symptomatic patients with advanced/metastatic disease. Further studies are needed to confirm these preliminary observations. In an era of personalized medicine, knowledge of apparent differences between treatments in terms of their impact on various domains of HRQoL may offer another dimension to clinical decision-making with regard to a selection of agents for ADT in individual patients with prostate cancer.
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